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I Nlathod fbr Irtdiicliig damage to waflBia 

I A maltiQd of Inducing damage for 9ettai1ng to 
the rear surface of a single cryetel silicon wste 
(70) oomprisea pdiat^ng tha rear aurltee. whict) 
can provide a good getterfng affaot to tna wafer 
(70) and can also depress dusting cliaraclBr- 
istica Of the roar surftioe of the wafer (70). Tne 
metMod Gomprlses the steps of: rnovlng ths 
wafer (70) and an abra&lve doth (6) relatively, 
and sup^ying an al}rastve liquid (9) having a pH 
in the range 4 to 9 which contains silica 
partidee having an average diameter in the 
range of ai to 10 aa abrasive gialns, be- 
tween the wafer (70) and the abrasive doth (6). 



FIG. 1 
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The presort Inventkm relatee to a melho<J fbr inducing damagefor geltering to a slrflle crystal silicon wafer 
(herein after. It may ba simply r»f«rted to a wafer) which can provide a good gatiering offacl to tho wafer end 
can also depress dusting characteristics of the rear durfiace of the wafer. 

In a pioceeo Ibr tebrlcating semlcondudor devices, a wefer te euljecied to vailoue heat-treatments during 

5 which variouB kinds of crystal defects are introduced by oxygen, carton, heavy mstal Impurities, and the liKe» 
which exist In the crystal. Because these dsfecte are generated also on (he wafer surtece region and in the 
vidnity thereof, auch defads cause larger leakage ouirenta and towering the manuEacturing ^6 of devfoee 
and degrade davice operation. 

However, crystal mlcn>defect or damage have a function which captures to fix Impulllee exerting adverse 

to effect on the devtee operation or which captures point defects or the illce which relate to defect oocunence, 
thece&i. Tlite function ie called gstterlng. The ftwmer is called extrinsic gettering (hereinafter, refwred to EG), 
and the latter is called Inhrinalc gettering (hereinafter, referred to IG). 

A method in which damage Is mechanically Induced on the rear surface of the wafer by high-pressure jeta 
of SlOa partldea Of the like, and dtelortion. e.g.. stacking faults, dislocations or the like which are generated 

IS during heat ireatments. la used as a gettjarlng source; or another method in which a poly-crystalllne alilcon 
layer or a SI9N4 layer Is deposited on Hia rear surfeos of a wafer, and dialortbn, e^ .. stBcKIng faults or dlslo- 
catfons which are generated on the boundary between the deposited layer and the wafer to be a euhsliate, 
distortion which ie generated on grain boundaries In a polycryetal of the deposited layer, or the like, ere uoed 
as a gettering soi^; are known as a method for providing the EG to the waf&r. 

20 The gettering eff^ becomes larger as ths magnitude of the fomrod distortion ie larger. Amethod for meae- 
uring surface density of surfeco defect (hereinafter, referred to surface defect density), e.g*, thermal oxidation 
stacking feiits or disiocatlone which can be observed by carrying out a thermal oxidation treatmem of the wafer 
at a tamperatwe of about 1100*0 and thereafter carrying out a chemical eelecHvs etching (Secco-etching). I9 
known as a method for evaliiating the magnitude of ths formed dlstorthm. 

26 According to the method in whldi damage is machanicaHy Induced on the rear surface of tho wafer by high 
pressure jets of SIOj particles or the like, the limit of surTace defect density which can be generated is not 
much exceeding 10« crtr«, eT\6 there is a proWem of much dusting from the portion on which the damage was 
Induced. According to the method in which a poly^crystelllne silicon l^ar or a SI^NU layer la deposited on the 
rear surfeoa of a wafer, there Is a problem of high costs requlrsd. 

50 According to this invention, a method of Inducing damage for gettering to the rear surface of a single crystal 
silicon wafer by polishing the rear surface, comprises the slaps of; 

moving the wafer and an abrastve cloth relative to one another, and 

supplying an abrasive liquid having a pH In the range of 4 to 9 which contains slKca particles having an 
everage drameter In the range of 0,1 to 10 as abrasive grains, between the wafer and the ahrasKre doth. 

w This method of Inducing damage for gettering to a single crystal silicon wafer, can stably generate surface 
defects higherthan that of a conventional method, which is useful for gettering contamination with heavy mat- 
als during a proceaa for fabricating aemlcanductor devloea> and can depress dusting charactehotfce of the rear 
surfeea of Uib wafer. Such a method enables stable generation of surfeoe defects having a high density of 
approxlmololy up to 10^ cnr*. 

40 Preferably the abrasive doth is attached to a rotary plale» wherein the rotery plate is rotated and wherein 
the wafer ta rotated on the abrashre cloth. 

The lower limit of the average dlamater of silica partldes is 0.1 pm, mora preferably 0.6 jim. When the 
average dlemeter is less than 0.1 urn, it is hardly to induce damage on the rear surface of the wafer. The upper 
limit of the average diameter of silica partidBs Is 10 pm, preferably 4.0 ^im. more preferably 1 .0 jim. When the 

iS averse diameter Is more than 10 jim, scratches or crgiika other than the damager layer are apt to be fomied 
during processing. 

The lower limit of the pH vakie of the abraahw lli|uld Is 4, preferably 6, more preferably 7. When the pK 
value ia less than 4. silica partideB dispersed In the aqueous (iquid flocculate. The upper limit of the pH value 
of the abrasive liquid Is 9. When the pH vatua Is more than 9, formation of the daniagsd layer by polishing Is 
BO prevented becauee a chemical etching eimultaneously functions on the rear surface of the wafer during pol- 
ishing. 

Preferably, the abrasive liquid comprises water. TTie pH of the abrasive llquM may be adjusted by using a 
dEluted hydrochloric acid or an a^eous ammonia. 

The material for the abrasive dofh ia not limited to e specific one. Polyurathane feams. polyofltera, non- 
B5 woven febrics or the like mey be used. Preferably, polyurethane foams are used. 

A particular embodiment of fl method in accordance withthia Invention will now be described with reference 
to the accompanying drawings, in which:- 

FIO. 1 Ie en elevatlonal view of an apparetue for canytng out the method according to an embodiment of 

2 
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the present invention: 

FIG. 2 fe a graph showing the relationship belwaan the average tfamotarof alDca particleaand tho aurfaee 
density of dafect according to Example 1; 

FIG. 3 ia a graph showing the relattonahip betwasn the pH of the obraalva liquid and the surface density 
s of defect according to Example 2; 

RO. 4 Is a graph showing dusting characteristics of the wafer on which an [nducUan of damage according 
to the present invantion waa carried otit and of tha wafsr on which a formation cf damage according bo a 
convention^ dand blast method was canied out: 

RG. 5 is a vartlcalty crodd-sectlonal view for explaining an apparetua for evaluating the dusting charao 
10 terbtlcs of the rear eiirface of the wafer; and 

FIG. 6 is a view for explaining tho atepa of a method for evaiuaUng tha dusting chaiacterietlca of the rear 
surface of the wafer. 

fHG. 1 shows an apparatus 1 forinducing damage forgetterlng to the reflraurfaoe of a single crysteJ silloon 
wafer 70, to carry out an embodiment according to the method of the prefient invention. 
IS in riQ. 1, the apparatus 1 comprises a rotary table aasambiy 2, a rotary wafer carriar 3, and an abrasive 
liquid supplying member 4. The rotary tebla assembly 2 comprises a rotary table 5 and an abrasive cloth 6 
adhered on the upper surface of the r^ary table S. The rotary table 5 can rotate on a ahaft 7 at a predetemiined 
rotation speed by a driving device such as a motor. The abiasKre doth 6 comprises o poIyurett)ane foam, a 
polyaster, a nonwcven fabric or the like. The rotary wafer carrter 3 Is for holding to carry the wafer 70 on the 
20 abrasive doth d of the rotary table assembly 2 so that the re^ suriiaco of the wef^ 70 faoea to the abrasive 
doth 6. Tho wafer carrier $ can rotate on a shaft 8 at a predetermined rotation speed and horizontally move 
on the abrasVa doth 6 . by an appropriate driving device such as a motor. During operation of the apparatus 
1 , the wafer 70 held by the wafer canier 3 is in contact with the abrasive doth 6 and proper loads L are applied 
to the wafer 70 In a downward direction throug h tho ahaft 8 and the wafer carrier 3. The ebraah/s liquid supplying 
. 29 member 4 is for supplying an abrasive liquid d on the abrasive doth 6 to supply h between the waf^ 70 and 
' the abrasive doth 6. The abrasive liquid 9 has an appropriate pH value and indudee water and alirastva grains 
■ - having a desired average diameter. 

: Example 1: 

»■ ■ 

First, three wafer samples having a diameter of about 160 mm and a crystal orientation of <100>; three 
kinds of abrasive llqi^ids of pH 5.0 which Include abrasive grains having average diameters of 0.01 (im, 0.15 
nm, and 4 jim, respectively, and water, wherein each average diameter was measured by direct observation 
method and each abrasive liquid contained 2 % by weight of silica partides; and an abiBslve doth made of a 

35 polyurethane foam; were prepared. 

After a waf^ sample 70 was property set to tha rotary wafer canier 3 of the above described apparatus 
1 for Inducing damage shown in FI3. 1 . the rotary table assembly 2 and the wafer carrier 3 were rotated at 
prsdetomnlned speeds, supplying an abrasive liquid of pH 5.0 which include abrasive grains having average 
diameters of 0.01 um. and thereby an Induction of damage was carrlad out to the rear surface of the wafer 

40 sample. In this Example, the speed of revolution of the rotary table assembly 2 was about 1 60 rpn\ the relative 
speed of the wafer 70 to the abrasive doth Q was 10D m/tnbi, the presaurs applied to the rear surface of the 
wafer 70 caused by the downward load L through the wafer carrier 3 was about 400 g/cm^, adjustment of 
pH value fbr the abrsaive liquid 9 waa performed by using a diluted hydrochloric add, aqueous ammonia or 
the like. Consequently, a wafer having a damaged layer on the rear surfaces thereof was obtained. 

45 Thereafter, by tising the abrasive liquids of pH 5.0 induding abraalva grains having average dlametera of 
0.1 5 pm and 4 jim, Induc^ons of damage were carried out to the rear surface of the two rest wafer samples 
70 by operating the above described apparatus 1 , under approximately the same condition aa that of use of 
the abrasive liquid Induding abrasive grains having average diameters of 0.01 ^m. Consequently, two wafer 
sanies having damaged (aysrs on the rear surlkces thareof were obtained. 

60 The surface densities of defect of the sample wafera on which three kinds of Inductions of damage had 
been oarried out were measured. The results are shown In Table 1 and FIG. 2. 



ss 
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TABLE 1 



5 



AVERAGE DIAMETER OF SILICA PARTiaES 


SURFACE DENC(TY OF DEFECT 


0.01 
0.50 
3,50 


I.SxWcrrri 
. 1.ex105crir« 
2.1x107crtr2 



to n Is known that a supfaco dafsct density of about 5 X 106 cm^ Is enough to bring on substantfal gettwing 
effect by anothar Bxperimant for finding the relatlonahlfy betwaen surfaoo defect density and getteiing effects. 
As shown in RG. 2. It was found that when the pH of tho abrasive liquid ib 5.0, substantial gettoring offacts 
could be axpacted by using siilca particlea having an average diameter (n the rang© of 0.1-10 |im. Silica par- 
tidas having an average dTamater not lass than 10 Min were not uaad In this Example because of the afore- 

IS mentioned reason. In FIG. 2. D© Indicates the range of avaraga diameter of silica partlclos by which substantial 
gattering sffiaotd can be expected, and PMIN Indicates the minimum value of the surfiace defect denafty by 
which aubstantlal gettarbig affecta can be expected. 



Example 2: 

SO 

FIret, three wafer samplee having a dlametar of, about 150 mm artd a cryetal orientaWon of <100>; three 
kinds of abrasive Hqulda of pH 5, 6, and 11 which Include abraalva grains having an average dtemeter of 3.5 

wherein each average diameta'was moaeurBd by dirad observation method and each abrasfve liquid cq> 
faalned 2 % by weight of silica partlcfss; and an abraslva doth made of a polyurethana foam; ware prepared. 

29 InductionsofdamagawBrecarTiedouttothedwaferaanripleebytheabovBappara.tuel andby^^^ 

3 kinds of abraelve llquide and the ubrastva doth, in this Example, the speed of revolution cf the rotary taUa ' 
aaaembly 2, the relative speed of the waf^ 70 to the abrasive cloth B, the pnassure applied to the rear surface ^ . 

of the wafer 70, and the at^Btment mannar of pH value for the abraeive liquid 9 wm the same as thoss o^ 
Example 1. Consequently, three wafer eamplee having damaged layers on the rear surfaces thew 

30 cained. 

The Surface defect densities of the sampis wafers on which 3 Idnds cf inductions of damage had been 
carried cut were measured. The results are shown in Table 2 and FIG. 3. 

As shown in FIQ, 3, it was found that wTian tha avaraga diameter of the silica parttolos contained in the 
abrastvB llquk] is 3.5 pm, substamial gettering effects could be expected by using the abrasive liquid of a pH 
3S In the range Of 4-9. 1 n RG. 3, pH^ indicates the range of pH of the abraeive liquid by which substantial gettering 
effects can be expected. 



45 



TABLE 2 


pH 


SURFACE DENSITY OF DEFECT 


4.3 


2.5x10^onr2 


7.8 


Zl xiO^cm^ 


11.0 


Z6x1Dficm-» 



Example 3: 

First, a wafer sample having a dlamater of about 150 mm and a crystal ortentethsn of <100>: an abrasive 
liquid of pH 8.0 which includes water and abrasive grains having an average diameter cf 0.50 pm, wherein the 
average diameter was maasured by direct observation method and the abrasive liquid contained 2 % by weight 
of Silica particles; and an abrasive cloth made of a polyurethane fdam; were prepared. Induction of damage 
was carried out to the wafer sampla by the above apparatus 1 and by using the above abrasive liquid of pl-1 
8.0 and the abrasTve doth made of a polyurethane feam. (n this Example, the speed of revolution of the rotary 
table aesamhiy 2» the retatJva speed of the wafer 70 to the abras^e cloth 6. the pressure applied to the rear 
surface of the weffer 70. and the adjustment manner of pH value for the abrasive liquid 9 were the same ea 
. those of Example 1 . Consequently, a wafer sample having a rear surface which has a damaged layer and an 



4 
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extremely law dustiiig charectBristics. wea obtained. 

In order to evaluate the dusUnfl characterletlce erf the wafer eurface, sn app^tus 1 0 as shown in FIB. S 
is 08ed. Sample wafers 70 and roferenca wafers 71 are procsssed according to the atepe shown in FIO. 6. 
Evaluation of the dusting charactarfstlcs Is carried out by moaauriftg partldes tranafarrBd from the rearaurteoa 
5 of the aample wafer 70 to a preased aurfaoe of the referenca wafer 71 by uaing a partida counter. 

The construction of the apparatus 10fbr evcrtuatlng thedualing characierfettes of the wafer surface shown 
in FIG. 5 will be explatfied aa fbllowa. 

The apparatus oompriaes a suction memberll forsuclaig the wafer tofbt thereon, and a pressing member 

21 for pressing to adhere dosely theae wafers to each othar. 

iC The suction member 11 comprises a auction board 13. a rectangular metal aubctrata U, and a noszle 15. 
The auction board 1 3 compriaea a circular plate made of csramtes, glese* era rigid plaeticep which has a pturellty 
of suction holes 1 2 penetrating the suction board from the upper surface to the lower suriTace, and i9 attached 
to an upper surface of the subatrate 1 4. The nozzle 1 5 is attached to the substrate 14. One end of the nozzle 
15 is communfeated with the suction holes 12 and the other end ts communicated wHh a vacuum pump {wt 

f5 shown) through a pipe. 

The pressing member 21 oomprlsea a rectangular metal substrata 26, a ring-shaped body 27, a diaphragm 

22 and a waffer pressing plate 23 attached to the lower surface of the diaphragm. The rectangular matal sub- 
atrate 26, the ring-ehaped body 27, and the diaphragm 22 having the wafer preaaing piata 23 form a closed 
chamber 31 Inside the&e members. 

20 The die^hragm 22 la a circular sheet made of a f laxibia matartal. The wafer pressing plate 23 is a circular 
plate made of cetamica or glass and is attached on the diaphragm 22 concentrically by using en adheriva, an 
attachment or the like. The periphery Of the diaphragm 22 is mounted lo the end portion of the ring-ahaped 
body 27 which Is provided on the rectangular metal subatrata 26. One end of a nozzia 32 Is communicated 
with the dosed chamber 31 and the other end ie ccmmunicaied with a compressor (not shown) through a pipe. 

25 Rod-shaped or ring-shaped spacing membars 41 are eandwtehad between, the suction member 11 and 
•th© pressing member 21. These members 11 end 21 are detachatJy mounted to the spacing membara 41 by 
-bolte 42. Arafefence wafer 71 and a sample wafer 70 are overlapped to each other and the overlapped wafers 
are sandwidied between the suction board 13 and the y/afer prying plate 23. 
. . .MalBffalfbr.conventiona! diaphragm valves can be used as a flexiWa materia 

30 ticular, it ia prsfarable to use a material of rubber system, ilea of such a material enables pressing to adhere 
doaaly the reference and sample wafers to each other with a unifonn preaauie over the entirety of the preeaed 
surfaces thereof. 

Next, a summary of evaluation of the dusting charactarlatica by using the apparatua 10 shown In FIG. 5 
will be explained. Watars obtained by the method of the present InvenHon and oonventional wafers are uaed 
35 aa the sample wafer 70, and mlirnr finished wafers obtalnad by a FZ method are uaed aa the raference wafer 

71. 

Mirror polished surface of the reference wafer 71 prlorto a pressurizing treatment are previously examined ' 
by using a parDcIe coumer t.S-6000 which was manufactured by Hitachi Densht Engineering Co. Ltd, There- 
after, a pressurizing treatment Is canied out to the examined wafisrs and evaluation of the dusting character- 

40 istlca is carried out according to the steps shown in FIG. 6. 

In uaa of the apparatus shown In FIG, 5, first, the suction member His removed from the apparatua body, 
A sample wafar 70 is placed on the upper surface of tha suction board 1 3 so that the rear surface 60 of the 
wafer 70 to be evaluated faces the upper alde^ and la thereafter fixed to adhere to the suction board 13 by 
operating the vacuum pump. Next, a reference wafer 71 Islaid on the sample wafer 70 so that the mirror finished 

45 surface 61 or the reference wafer 71 f^s the rear surface 60 of tile aample wafar 70« The suction member 
1 1 with the attached wafers 70 and 71 is fixed to the apparatus body, as shown in FIG. 5. 

Thareaftar, compressed air is supplied Into the dosad chamber 31 from (he compressor, so that the mlrrur 
finished aurfece 61 of the refarence wafer 71 is pressed to the rear surface 60 of the sample wafer 70 at a 
pressure of 1 kgf/cn^ and theaa wafers are dosaly adhered to each other, as shown In RG. 6. After supply of 

SO the compressed alrls stopped, the presaure is reduced by oparating the vacuum pump ao that the wafer press- 
ing plate 23 aeparates apart from the reference wafer 71 , Tbewaftar, the sucUon member 1 1 1s removed from 
the apparatus body. The preseed miiTor surface 61 of the obtained reference wafer 71 Is examined by using 
the above^escrlbed particle oounter LS-6Q0a 

Evaluation of dustliQ charactoriatlce of the rear aurf^ of the aample waf^ obtained by Example 3 and 

ffff that of the rear surface of 0 conventional aand Usat treated one were carried out by the apparatus shown in 
RG. 5. sample wafere and referenoe wafera ware procaased aeeoMing to the above described etepe ahown 
in RG. 6, Evaluation of the dusting characteristics was perfomed by measuring the number of foreign matters 
on the rearaurfisGea. 

5 . 
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The (naasured numfe>er of foreign matters for the convBntional ©and Wast treated on© havtaig a diameter 
of 150 mm wae about 8000, and the maasured number for ths dameso Induced wafer having a dfemetar of 
150 mm according to the prasent Invention was about 205. The rewlte are shown in FIG. 4. In the graph of 
RG. 4, the ordinate^ Indicate the number of fbralgn matters having a diameter not lass then 0.10 irni on every 
5 O-niohwaf^. 

From the lesulte of Example 3, It was esoariatnad that when induction of damage acconSIng to the method 
of the present invention was performed, the dusting characstaristics of the rear surface of the waf&r thamof 
was extremcty lower than ttiat of the conventional sand Uast treated ona. 

Although the present invention has been described In lis preferred form with a certain degree of partlcu- 
10 larlty, It should ateo be understood that the present invention Is not limited to the praferrad embodiment end 
that various changes and modifications may be made to the invention- 

For example. In the above ambodlment, only an apparatus for inducing damage of a single wafer process- 
ing type is disclosed, however, the method according to the present Invention can be alao eppllod to an A^p^ 
ratus fbr inducing dan^ge of the eo-callBd batch processing type, I.e., of a plurality of wafers processing type. 
16 As described above, aeoordmg to the preeent Invention, a Is possible to staWy generate surface defects 
having a density of epproxintately up to cnr*, higher than that of conventional method. thaiwfoiB to provide 
excellent geltertng effects to e wafer, and to depiess dusting characteriatics of the rear surface of the wafer. 



20 Claims 

1 . A method cf Inducing damage for gettering to the rear surface of a single crystal si llcon water (70) by pol- i 
Ishing the rear surfeoe, comprising the steps of; 

moving the waf^r (70) and an abrasive cloth (8) r©lallv6 to one another, and 
20 supplying an abrasive Ikquid (4) having a pH In the range of 4 to 9. whitsh oontahw silica particles . 

having an average dlamater. to the range of 0.1 to 10 ^m as abrasive grains, between the ^ 
the iabraslve cloth (6), 

2. A me^od according to daimi, wherein the abrasive doth (6} is attached to a re^ 

30 the rotary plats (2) is rotated and wherein the wafer (70) Is rotated on the abrasive cloth (&). 

3. A method according to claim 1 or 2, wherein the abrasive liquid (9) has a pH In the range of 6 to 9. 

4. A method according to any one of the pracedlng daims. wherein the abrasive liquid (9) has a pH In the 
as randecf7toS. 

5. A method according to any one of the preceding daims, wherein the abrasive liquid (9) comprlaos water. 

a. Amethod accofding to any one of the preceding claims, wherein the pH of the abrashre DquM (9) la adjusted 
40 by uaing diluted hydrachtorlo acid or aqueous ammonia. 

7. A method according to any one of the preceding daima, wherein the silica partides have an average di- 
ameter in the range of 0,5 to 4.0 pm. 

46 8. A method according to any one of the preceding datms. wherein the silica partides have an average di- 
ameter In ttie range of 0.0 ID 1 .0 |im. 

9. A method according to any one of the prseedlng delms, wherein the eAnrasive doth (6) compilees a pdy- 
urethane foam. 

90 

10. A method according to eny one €S dalms 1 to 9, wherein the abrash/e doth (6) Is a pdyester fabric or e 
non-wovan fabric 
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PIG. 1 
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FIG. 2 
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